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Abstract
Following systematically the generalized Hamiltonian approach of
Batalin and Fradkin, we demonstrate the equivalence of a self-dual
model with the Maxwell-Chern-Simons theory by embedding the for-
mer second-class theory into a rst-class theory.
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1 Introduction
It has long been recognized that the addition of a Chern-Simons three-form
to a Maxwell term in 2+1 dimensions, will generate a topological mass for the
\photon" [1]. Another model which also describes the propagation of a single
massive mode in 2+1 dimensions is the \self-dual" (SD) model originally
proposed in ref. [2]. This suggested a possible equivalence between the
(second-class) SD-model and the (rst-class) Maxwell-Chern-Simons (MCS)
theory, which has subsequently been demonstrated on a semi-classical level
by Deser and Jackiw [3]. Since then there appeared a number of papers
studying dierent aspects of this equivalence [4, 5, 6]. However, a study
within the generalized canonical framework of Batalin Fradkin and Tyutin
[7, 8], allowing for the systematic conversion of second-class systems into
rst-class ones, is lacking.
In this paper we demonstrate the above equivalence between these two
models by embedding the SD-model into a gauge theory, following systemat-
ically the procedure of ref. [7]. The rst class constraints and the unitarising
Hamiltonian are constructed in section 2. We then show in section 3 that
the partition function of the SD-model and MCS-theory are obtained for
dierent choices of gauge, thereby establishing the claimed equivalence as
a consequence of the Fradkin-Vilkovisky theorem [11]. Our conclusions are
given in section 4.
2 BF Hamiltonian embedding






























































are the momenta canonically conjugate to f

. The secondary con-


































































































In order to establish the connection of the self-dual model with the Maxwell-
Chern-Simons (MCS) gauge theory, we now make use of the formalism of
Batalin, Fradkin and Tyutin [7, 8] to embed the second-class SD-model into
a rst-class theory.
We begin by converting the second-class constraints into rst-class ones.
We closely follow the notation of ref. [7], with the commutators in this refer-
ence being obtained from the Poisson brackets via the substitution ifq; pg !
[q; p]. In the notation of [7] the rst-class constraints T
0


























(x; y) and the structure functions V


(x; y) are restricted by the
original second-class constraint algebra. The tensor !

(x; y) is a c-numerical,
completely antisymmetric invertible matrix, which in our case has zero Grass-
man signature. The eld 

























For the constraint algebra (2.7) a possible choice for !
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(y)] = 0: (2.15)
We next construct the corresponding involutive Hamiltonian H
0
. Following














































subject to the boundary condition H[0] = H
c









































is the inverse of V






















(x; y) = (~x  ~y) (2.19)
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Expanding the exponentials in powers of L['], one nds that the series trun-




































































where k and l take the values 1,2. From here, and the denition (2.16) one
























































(x)] = 0: (2.25)
One readily checks that the involutive Hamiltonian (2.24) is obtained from














This property will be useful in the forthcoming analysis.
We next proceed to construct the BRST Hamiltonian and the correspond-









is strongly involutive. The remaining step concerns the construction
of the unitarizing Hamiltonian H
U














































) are canonically conjugate multiplier elds, and 

are







g 6= 0 (2.31)
This completes our analysis on the operator level.


























































and the integration measure [d] involves all the elds appearing in the ex-
ponent. The second term in (2.33) is due to the symplectic algebra (2.9)
satised by the -elds, and the eld independence of the corresponding
symplectic metric !

[9]. This term (including det !) can in principle be
put into a standard canonical form via a Darboux transformation [10]. In
the present case it is, however, more convenient. to proceed directly from
(2.33).
In the following we consider gauge functions 

which do not depend





















(the superjacobian of this transformation is
unity) and taking  ! 0, one can carry out the integrals over the ghost
















































where we have used (2.26) and have dropped (det !)
 1=2
, which is just an
(irrelevant) constant.
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3 Equivalence of SD and MCS model
In this section we prove the equivalence of the self-dual [3] and the Maxwell-
Chern-Simons theory, by using the Fradkin-Vilkovisky theorem [11] stating
the gauge independence of the partition function (2.34). To start out with,












 0; i = 1; 2 (3.1)




 0 are still arbitrary. Using (3.1), all






integrals can be done trivially,

















































































= 0, following from (3.1) has been used. Note




 0 must involve f
0
in
order to render the f
0
-integral nite.
a) Recovery of the SD-model in the unitary gauge












































Note that to arrive at this expression, repeated use has been made of the
gauge condition (3.4). This gauge condition is just the original second-class
constraint T
3
 0. Similarly from [T
00
] in (2.34) we see that the condition





For this reason the above gauge is referred to in the literature [7, 8] as the
\unitary" gauge.
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b) Recovery of the MCS model in the Coulomb-like gauge





















= 0, we refer to it as the Coulomb-like gauge.








































































































































































Making repeated use of the gauge condition, the partition function can be

















































It is simple to see that the gauge condition appearing in (3.9) is equivalent to
the Coulomb gauge and Gauss law in that gauge. This completes the proof of
the equivalence of the self-dual model and the Maxwell-Chern-Simons theory
within the BF framework.
4 Conclusion
The equivalence of the self-dual (SD) model of ref. [2] and the Maxwell-
Chern-Simons theory has been discussed using dierent approaches [3, 4, 5,
6]. It was the objective of this paper to demonstrate this equivalence by suit-
ably extending the phase space of the SD-model, following systematically the
7
procedure of ref. [7]. This involved the conversion of the four second-class
constraints of the SD model into the rst-class ones, and the corresponding
construction of the unitarising Hamiltonian. The gauge-invariant partition
function associated with this Hamiltonian was shown to reduce to that of
the original second-class SD-model in the \unitary gauge", and to the MCS
theory in a Coulomb-like gauge. It is interesting to note that the eld f

in
the embedded partition function (2.34) played the role of either the funda-
mental eld of the SD-model or the gauge potential of the MCS theory, in
the unitary and Coulomb-like gauge, respectively.
Finally, we wish to point out that the equivalence investigated here has
proven useful in the study of abelian bosonization in 2+1 dimensions of
massive fermionic models [14], [15].
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